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High frequency magneto-impedance of double perovskite La1.2Sr1.8Mn2O7: secondary
transitions at high temperatures
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Radio frequency magneto-impedance measurements reveal a pronounced anomaly at 260K be-
sides the main MI transition at 125K in the double perovskite material La1.2Sr1.8Mn2O7. This
feature is not seen clearly in static resistivity and magnetization measurements. We suggest that
this anomaly represents short-range magnetic correlations enhanced at radio frequencies, with the
easy axis along the c−axis.
The observation of colossal magnetoresistance (CMR)
in perovskite manganites La1−xAxMnO3 (A = Sr, Ca)
[113] has triggered further research into related systems
[1–4]. The CMR in these materials is normally ob-
served at temperatures close to the ferromagnetic-to-
paramagnetic transition associated with a metal insu-
lator (MI) transition. Following the double exchange
mechanism of Zener [5], based upon the strong on-site
(Hund’s rule) coupling between the charge carriers (eg-
like state) and the local spins (t2g-like state), several
models [6–10] have been proposed to account for these
properties, but many of the observed features cannot
be accounted by the double exchange interaction alone.
These well-studied 113 compounds can be considered as
the n =∞ members of the Ruddlesden-Popper (RP ) se-
ries (La1−xSrx)n+1MnnO3n+1 which can be described as
intergrowths between La1−xSrxMnO3 perovskite blocks
and rock-salt-type layers (La, Sr)O.
In order to examine further the relation between CMR,
magnetic and MI transitions, attention has been focussed
on other materials with reduced dimension n [11–14].
In particular, for the n = 2 member of the RP series
(La1−xSrx)n+1Mn2O7(327), the material is antiferro-
magnetic for x = 0 , while in the region 0.2 ≤ x ≤ 0.4 the
material is ferromagnetic and exhibits an MI transition
at Tc. The maximum Tc = 125K obtained in this series
is for x = 0.4. Moritomo et al. [15] have reported a high
value of CMR in x = 0.4 composition at temperatures
near and far away from Tc.
Most of the experiments that probe the manganites
are static in nature and have limited capabilities in eluci-
dating the basic mechanisms involved. Recent dynamic
measurements like EPR [16] and FMR [17] have pro-
vided microscopic evidence for the formation of Jahn-
Teller polarons and spin wave resonance, respectively, in
the manganites. In La1−xSrxMnO3, Srikanth et al. [18]
have very recently observed additional new features in
the rf impedance measurements, that are not clearly visi-
ble in the dc resistivity and magnetization measurements.
These results show that the dynamic rf measurements re-
veal new transitions, and in addition also give informa-
tion on the collective response of spin and charge dynam-
ics. In this report we describe, for the first time, temper-
ature and field dependence of radio frequency dynamic
response of the double perovskite La1.2Sr1.8Mn2O7. We
focus on a pronounced anomaly around 260K observed
in many samples and suggest that this anomaly repre-
sents magnetic correlations, perhaps 2-D in nature, with
a single energy and temperature scale.
Single crystals (5 cm long and 0.5 cm diameter) of
La1.2Sr1.8Mn2O7 were grown from the melt by the
floating-zone method using a mirror furnace [19]. Powder
X-ray diffraction (XRD) analysis resulted in the lattice
parameters a = 3.864±0.002 A˚ and c = 20.130±0.006 A˚
, in close agreement with those previously reported [15].
The polycrystalline material was synthesized by the con-
ventional solid state sintering technique. No extra phases
were detected by XRD and the lattice parameters were
found to be identical to those determined in the case of
the single crystals. Three single crystals labeled SC1,
SC2 and SC3, and a polycyrstalline sample labeled PC
were studied.
The rf measurements were carried out using an ultra-
stable tunnel diode oscillator. The sample is placed in
a coil which forms the inductive part of the LC reso-
nant circuit. In this technique, a change in the effective
reactance X of the sample, caused by varying tempera-
ture, T magnetic field H , or angle θ (between crystalo-
graphic axis and H) leads to a change in the inductance
of the coil which in turn results in a shift of the resonant
frequency of the oscillator. The quantity that is mea-
sured is the change in the resonant frequency, df(T ) =
[f0(Tmax)− f(Tmax)]− [f0(T )− f(T )], where f0(T ) is the
empty coil frequency. From the elementary consideration
of ac impedance and Maxwell’s equations for magnetic,
conducting materials, it can be shown that df = −G(dX)
∝ −d(µρ)1/2. Where, dX(T ) = X(Tmin) −X(T ) is the
change in reactance, G the geometric factor and, ρ(T,H)
and µ(T,H) are the resistivity and permeability of the
magnetic material, respectively. The change in the reac-
tance is calculated using the above relation.
The stability of the circuit is very high, typically, 1Hz
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in 4MHz and the operating frequency is in the range
2 − 4MHz depending on the coil and sample used. The
inductive coil with the sample is inserted into a Helium
flow cryostat and coupled through a rigid coaxial cable,
to enable temperature variation between 4.2K and 300K.
The magnetic field is applied by placing the sample coil-
cryostat-assembly between the pole pieces of an electro-
magnet. The field dependent measurements were done
with the field parallel to the a− b plane (H || ab) and the
cˆ−axis (H || c), and the maximum field applied is 6KOe.
The magnetization and CMR of the crystal have been
described elsewhere [20]. Briefly, a sharp ferromagnetic
to paramagnetic and metal - insulator (MI) transition is
observed around 125K, in the temperature dependence
of magnetization, M (T ) and resistivity, ρ (T ) measure-
ments, respectively. However, a strong deviation from
the Curie-Weiss law was noted above T > 200K. Inter-
estingly, in the case of sample SC1, while a very small
change in slope is observed at around 260K in theM (T ),
no such anomaly is observed in the dc ρ (T ) in both ab−
plane (ρab) and cˆ − axis (ρc) directions (inset, Fig. 2).
From the field dependence of magnetizationM(H) at 5K
it is found that the easy − axis of magnetization lies in
the ab−plane which is in agreement with reported results
[21,22]. The magnetic moment at H = 5T was found to
be 3.5µB/Mn atom which is in close agreement with the
theoretical value, 3.6µB/Mn atom, ensuring the almost
100% spin polarization of the conduction electrons due
to large Hund’s-rule coupling energy [24].
Fig. 1 shows the shift in the radio frequency reac-
tance, dX as the temperature is varied between 300K
and 70K, for single crystals SC1, SC2, and SC3. . As
can be seen from the figure all the three single crystals
show a sharp main transition at Tc = 125K . Results for
the polycrystal sample PC (not shown) were similar but
the transition at Tc was broadened. In the case of sam-
ple SC1 interestingly, a very strong jump, representative
of a secondary transition, is observed at a temperature
260K, which we call T ∗. It is worth noting that the
shift at this temperature is almost 35% of the shift at Tc
and has similar characteristics as that of the transition
at Tc = 125K. Such a transition is not seen in the static
dc resistivity and is only observed as a very small change
in slope in magnetization measurements. Samples SC2,
SC3 and PC also show similar but weaker transitions
around the same temperature. While the first transition
at 125K is the well known MI transition ( which is also
observed in the dc M (T ) and ρ (T ) measurements), the
origin of the transition at T ∗ = 260K is quite intriguing
and worth studying.
In the magnetization measurements, very weak fea-
tures are observed in the vicinity of T ∗, but are nowhere
as pronounced as in Fig.1. In the literature similar weak
features have been reported in double perovskite but have
not been adequately addressed [15,22,23]. In the present
ac measurements, the features are striking and unavoid-
able. In this paper we focus on this anomaly - a sub-
sequent paper will discuss the details of the field and
temperature dependence of the rf response over the en-
tire temperature range. It is important to dwell on these
unusual transitions as they may hold a key to an under-
standing of the basic mechanism involved in the CMR
materials.
It has earlier been demonstrated from TEM (trans-
mission electron microscopy) analysis that intergrowths
could be present in these materials [25,22]. The in-
tergrowths are missing or extra layers of SrO between
MnO6 octahedra, which could form higher order (n > 2)
phases of RP series. The unit cell of 327 may be written
as SrO (La1−xSrxMnO3)2 , where it is clear thatMnO6
octahedra are separated from each other by an insulating
SrO layer. If the second transition is thought to be due
to impurity 113 phase which forms due to missing of SrO
layers, then this phase is likely to be La0.6Sr0.4MnO3.
The corresponding transition temperature of this phase
is well above 300K [26]. Secondly, any phase transition
in the MnO3 sytem is, generally, associated with a large
CMR at the transition. From the ρ (T ) it can be inferred
that a large change in magnetoresistance is not observed
at T ∗ even though as noted previously the overall mag-
netoresistance is substantial. Hence, the transition at T ∗
that we observe is not due to La0.6Sr0.4MnO3 but due to
some other mechanism. The transition at T ∗ could not
be due to any other impurity phases since the experimen-
tal XRD [20]and electron diffraction [27] studies show
that the sample is free from impurity phases. Therefore,
one can rule out the intergrowths or impurities playing
any role in inducing this transition.
In Fig. 2 we present the effect of external field in the
ab−plane (H || ab) and along the cˆ−axis (H || c). As can
be seen from the figure, in the case ofH || ab the change in
dX atMI transition (at 125K) decreases when compared
to the same in the absence of field and, interestingly,
the transition at T ∗ is almost smeared out. However,
in the case of H || c the change in dX at MI transition
increases and, the transition at T ∗ disappears as in the
case of H || ab. Since the easy axis of the magnetization
is in the ab− plane the decrease / increase in dX, in the
case of H || ab / H || c, can be understood in terms of de-
crease/increase in magnetization, respectively. If the T ∗
is due to an impurity phase (which ought to have an easy-
axis in certain direction), as is expected from intergrowth
mechanism, the dX at this temperature should have op-
posite responses for H || ab and H || c configurations, as
in the case of MI transition. The present response, un-
equivocally, suggests that the transition at T ∗ is not due
to impurity phases or intergrowths. It instead suggests
some kind of ordering with a weak exchange interaction
which gets destroyed in the presence of moderate mag-
netic fields.
Recently, Moritomo et al. [15] have observed a transi-
tion around 275K in x = 0.4 composition. However, no
case has been made to explain it. In the case of x = 0.3
composition, Kimura et al. [21] observed a striking sec-
ondary MI transition in the ab − plane (MIab) resistiv-
ity, in addition to the usualMI transition around 100K
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. They did not observe such secondary MI transition
in the c − axis resistivity measurements.. The result
was ascribed to the 2D ferromagnetic correlations within
the MnO2 bilayers leading to MIab transition at 275K.
The 3D spin ordering across the nonmagnetic insulating
(La, Sr)O layers was suggested to be taking place at the
Tc. However, in the present crystal but for the magnitude
change in the resistivities ρab and ρc, no further differ-
ence is observed (inset, Fig. 2). In both the cases in
the temperature range Tc < T < T
∗ the sample shows
insulating behavior.
The CMR, defined as − (ρ (H)− ρ (0)) /ρ (0) , is al-
most 100% for Tc < T < 150K and exceeds 10% in
the entire temperature range. This CMR behavior is
in sharp contrast with that of the La1−xAxMnO3 per-
ovskite, where it is present only below and close to Tc
[1–4]. The enhanced CMR in the present compound
could be due to anisotropic exchange interaction. The
intra layer exchange interaction can be understood in
terms of double exchange. Below Tc the interlayer cou-
pling is established which contributes to the 3D magnetic
ordering. The very large CMR observed in the vicinity
of Tc, both below and above, is due to the alignment of
the t2g spins in the presence of applied magnetic field
which reduces the scattering of the carriers by the local
spins. The fact that large CMR is observed even above
Tc indicates that some kind of spin correlation is main-
tained in this region. There could be many competing
interactions/ordering above Tc such as antiferromagnetic
superexchange, electron lattice (the Jahn-Teller effect)
and charge ordering. From the inelastic neutron scat-
tering study it has earlier been inferred, in the case of
x = 0.4 double perovskite, that the spins in the neigh-
boring layers are strongly canted [28] and that there ex-
ists in-plane antiferromagnetic (AF ) correlations above
Tc which lead to insulating behavior [29]. In the present
crystals also from the inelastic neutron scattering study
[30] it has been observed there is a coexistence of anti-
ferromagnetism and ferromagnetism above Tc . Such a
competition between ferromagnetic double exchange and
antiferromagnetic super exchange has frequently been ob-
served in the manganites which shows a large negative
CMR at temperatures above Tc because of the field sup-
pression of the AF fluctuations [31].
However, a careful analysis of the present results of
x = 0.4 composition indicate that the transition at T∗ is
not due to antiferromagnetic correlations but, probably,
due to weak ferromagnetic correlations. The results show
that main transition at Tc and the secondary transition
at T ∗ are similar in nature.
In Fig. 3 the change in reactance, dX in the presence
of 0.3T magnetic field, as a function of the angle between
field and cˆ− axis of the crystal at various temperatures
is shown. The response at 10K can be considered purely
magnetic since the field has no effect on ρ at this tem-
perature (inset, Fig. 2). It can be seen that the overall
response shows a reduction in permeability with the in-
crease in the angle from 0o to 90o. Since the easy-axis
of the 327 phase is in the ab-plane this reduction in µ
is expected. However, at low angles one can see an in-
crease in permeability which we identify as the response
due to secondary phase. It is worth noting that the min-
ima are separated by exactly 90o. Therefore, it is not
improper to conclude that the easy axis of the secondary
phase is along cˆ − axis. This result coupled with the
dX (T ) provides a strong evidence that the transition at
T ∗ is ferromagnetic in nature and is independent of the
ferromagnetic transition at Tc. Above Tc (T = 188, 280
and 300K) it can be seen that a much reduced response
(change in µ ) persists. The reason for this small change
is the existence of ferromagnetic fluctuations above Tc
which is evidenced by the ferromagnetic hysteresis loop
even at 295K [20]. The aforementioned field dependent
anisotropy (Fig. 3) and temperature dependent (Figs.
1&2) measurements clearly suggest two kinds of ferro-
magnetic correlations occurring intrinsically.
It is very interesting to note that the neutron diffrac-
tion study by Mitchell et. al [32] shows a clear change in
slope d(a, b − axis)/dT at 260K in the a,b-axis vs tem-
perature plot. However, they do not observe any change
in d(c − axis)/dT at 260K. Together, these two points
clearly indicate that the T∗ is most probably associated
with spin-lattice coupling and the associated ferromag-
netic correlations lie in the ab-plane. Local lattice or
Jahn-Teller distortions of the perovskite unit cells could
lead to spin-lattice coupling. The coupling of the dou-
ble exchange to the lattice degrees of freedom in man-
ganites is theroreticallly studeid by Millis et al. [10] and
Roder et al. [33] in terms of magnetoelastic polarons. The
deviation from linearity in the temperature dependence
of lattice parameters of La0.6Y0.07Ca0.3MnO3 [34] and
La0.65Ca0.35MnO3 [35] has, earlier, been interpreted in
terms of a transition from large to small polarons. In the
present case, the suggested 2D nature of the secondary
transition indicates that it is probably a transition from
large to small magnetoelastic polarons.
The present secondary transition is very important in
understanding the microscopic picture of the mangan-
ites. Such intrinsic spin-lattice coupling can be sensi-
tive to impurities in the crystal, which may be the rea-
son for not observing T ∗ clearly in samples SC2 and
SC3. It is worth mentioning that similar high frequency
studies on very high quality single crystals of perovskite
Y Ba2Cu3O7 high temperature superconductor (HTS)
gave rise to many novel features [36,37] which are not
observed in general. In conclusion we have presented
the temperature and field dependence of dynamic ra-
dio frequency permeability study of double perovskite,
La1.2Sr1.8Mn2O7. These new results indicate a sec-
ondary transition at 260K similar to the mainMI transi-
tion at 125K. This anomalous secondary transition could
be due to weak ferromagnetic correlations which are in-
dependent of the ferromagnetic ordering at Tc, which af-
fect the dynamic permeability but are weakly coupled to
charge transport.
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FIG. 1. Temperature dependence of radio frequency reactance for single crystals SC1, SC2 and SC3.
FIG. 2. Temperature dependence of rf reactance in the presence of magnetic field, H=0.6T for sample SC1. The change dX
at Tc increases when the field is parallel to the c-axis contrary the change when the field is parallel to the ab-plane. Inset shows
the temperature dependence of resistivity in the ab-plane and along c-axis, both in the presence and absence of field.
FIG. 3. Angular variation of rf reactance in the presence of 0.3T field at various temperatures for sample SC1. The minimun
at 0◦ is representative of secondary transition while the minimum at 90◦ represents ferromagnetic ordering below Tc.
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